The role of insulin sensitivity (IS), as well as the association of IS with fi brinolysis impairment, in the occurrence of ischemic stroke, has not been clarifi ed. The study was aimed to analyze IS, plasma insulin (PI) and plasminogen activator inhibitor (PAI)-1 levels in 34 type 2 diabetics (T2D) with ischemic stroke (group A), 30 T2D without ischemic stroke (group B), 33 nondiabetics with ischemic stroke (group C) and 33 healthy controls (group D). Ischemic stroke was confi rmed by clinical and neuroimaging criteria. IS levels were determined by the minimal model analysis (Si index). Plasma insulin levels were measured by radioimmunoassay and PAI-1 activity was performed by the plasminogen chromogenic plasmin substrate assay. We found that Si levels were signifi cantly lower in group A vs. B (1.17+/-0.66 vs. hyperinsulinemia, both in T2D and nondiabetics. Our results imply that impaired insulin sensitivity exerts its atherogenic infl uence, at least in part, by decreased fi brinolysis.
Introduction
Decreased insulin sensitivity (IS) plays an important role in the development of atherosclerosis (1), and is recognized risk factor for ischemic stroke (2,3). The mechanisms underlying the association between diminished insulin sensitivity and vascular events are not completely revealed but may involve hyperglycemia (4), dislipidemia, hypertension, hypofi brinolysis and endothelial dysfunction (5). At the same time, decreased IS, e.g. insulin resistance, is an important pathophysiological mechanism in type 2 diabetes (T2D) (6).
The previous studies suggested that insulin resistance, measured by different metabolic tests, was directly related to different subtypes of ischemic stroke in both T2D patients and nondiabetics (2, 3). Moreover, higher levels of insulin resistance were demonstrated in nondiabetics with both intra and extra cranial atherosclerosis compared to those who had either intra or extra cranial atherosclerosis alone (7).
Hyperinsulinemia, which may be used as a parameter of insulin resistance in nondiabetics, and which is often, although not obligatory, present in patients with T2D as a compensatory response to insulin resistance (8), was also recognized as an independent risk factor for ischemic stroke (9,10).
Also, other relevant atherogenic factors such as hypercoagulability and hypofi brinolysis were related to the insulin resistance (11), and positive relationship between decreased IS and fi brinolysis impairment was demonstrated in patients with T2D and nondiabetics with coronary artery disease (12). However, the association between changes in IS and plasminogen activator inhibitor (PAI)-1 levels, in respect of occurrence of ischemic stroke, has not been elucidated yet.
Therefore, we have explored the relationship between IS and fi brinolysis impairment as the potential mechanism underlying ischemic stroke in T2D patients, as well as in nondiabetics.
Aim
To analyse the association between insulin sensitivity level and fi brinolysis activity in the occurence of ischemic stroke in patients with T2D.
Methods

Patients
A sixty four patients with T2D were classifi ed into two groups, T2D with (N=34) and without ischemic stroke (N=30), in comparison to nondiabetics with ischemic stroke (N=33) and healthy controls (N=33).
T2D was diagnosed according to the criteria of the World Health Organization (13).
Diagnosis of ischemic stroke was set by neurologist in Institute for Neurology, Clinical Center of Serbia, according to clinical features and brain imaging methods, cranial computerized scan and magnetic resonance imaging, in two consecutive examinations, during the fi rst 7 days from the occurrence of ischemic stroke (14).
The patients with ischemic stroke were included in the study providing that did not show signs of cardioembolic cerebral infarction or coronary heart disease, based on a history of myocardial infarction confi rmed either by elevation of serum cardiac enzymes or coronary angiography. T2D patients were treated with oral antidiabetic agents while patients treated with insulin therapy as well as patients who had other endocrine, infectious or malignant disease, were excluded.
All the patients, with or without ischemic stroke, showed the similar level of physical activity. The metabolic evaluation was performed in the Clinic for Endocrinology, Diabetes and Metabolic Diseases, after all the patients were fully informed and gave the inform consent to participate in the study.
Research design
The interview, containing the questions about medical conditions, current medication and habits, physical examination and metabolic test were conducted in all of the patients included in the study (all completed at the same day). Body weight (BW) and body height (BH) were measured in each subject and used to calculate the body mass index (BMI), according to following formula:
Hypertension was diagnosed according to World Health Organization criteria (systolic/diastolic blood pressure ≥140/≥90 mm Hg) or by the use of antihypertensive agents (15).
Metabolic investigation
The metabolic evaluation was conducted after at least 6 months from occurrence of ischemic stroke and after at least 12h of fasting. Insulin sensitivity was evaluated by frequently sampled intravenous glucose tolerance (FSIGT) test with computerized minimal model analysis to determine the insulin sensitivity index (Si) (16). During this form of FSIGT test, the blood samples for measurement of plasma glucose (PG) and plasma insulin (PI) levels were taken immediately before and 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 14, 16, 20, 23, 24, 25, 27, 30, 40, 50, 60, 70, 80, 90, 100, 120, 160 and 180 minutes after stimulation with 0.3g/kg body weight of intravenous glucose. The continous intravenous infusion of 4mU/kg/min of insulin was adminstered during 5 minutes, between 20. and 25. minute of test. Si was calculated from the results of PG and PI levels by computerized minimal model analysis, using the MINMOD program (kindly provided by Dr Richard Bergman from the University of Southern California (Los Angeles).
Laboratory analyses
PG was measured by glucose oxidase method using a Beckman Glucose Analyser, while PI was determined by radioimmunoassay (INEP-Zemun). Plasma PAI-1 activity was determined by plasminogen chromogenic plasmin substrate assay (Boehringer).
Statistical analyses
Data are presented as mean ± standard error (SE). The continuous variables within each group of patients were analyzed using analysis of variance (ANOVA) with a post hoc Bonferroni test, while the categorical variables were analyzed with χ 2 test. Differences were considered statistically signifi cant at p< 0.05. Statistical analysis was performed with the SPSS statistical software package for personal computers.
Results
Clinical characteristics
The clinical characteristics of study subjects are shown in Table 1 . The age, duration of diabetes, and time period from the onset of ischemic stroke were similar within the groups. All subjects were moderately obese (BMI: A:27.56±3.11 vs B: 27.62±3.70 vs C: 26.21±4.15 vs D: 26.34±2.36 kg/m 2 , p=NS) and T2D patients showed similar HbA 1 c levels, implying satisfying metabolic control before metabolic investigation. The prevalence of hypertension in patients with ischemic stroke, both diabetics and nondiabetics, was signifi cantly higher comparing to healthy controls, and subjects were matched in respect to the level of systolic and diastolic blood pressure before the metabolic testing was performed.
All T2D patients were treated either with metformin monotherapy or combination of metformin and sulphonilurea agents, patients with hypertension were administered antihypertensive medication (angiotensin-converting enzyme inhibitors, calcium channel blockers, or their combination), while those with ischemic stroke were receiving antiplatelet agents. 
Insulin sensitivity
We found that Si levels were signifi cantly lower in T2D patients with ischemic stroke compared to T2D patients without ischemic stroke (1.17+/-0.66 vs. 2.79+/-0.62 min -1 /mU/Lx10 4 ; p<0.001). Also, nondiabetics with ischemic stroke showed significantly lower Si levels compared to healthy controls (3.25+/-0.84 vs. 6.03+/-1.69 min -1 / mU/Lx10 4 ; p<0.001) (Figure 1 ). The lowest insulin sensitivity level was present in patients with T2D and ischemic stroke. 
Insulin levels
PI levels were signifi cantly higher in patients with T2D and ischemic stroke compared to T2D patients without ischemic stroke (19.46+/-4.11 vs. 14.79+/-1.75 mU/L; p<0.001) as well as in nondiabetics with ischemic stroke in comparison to healthy controls (15.16+/-2.23 vs. 7.54+/-2.03 mU/L; p<0.001). Also, T2D patients with and without ischemic stroke had higher PI levels than healthy controls (p<0.001), while in group with ischemic stroke T2D patients showed signifi cantly higher PI levels compared to nondiabetics (p<0.001). On the other hand, T2D patients without ischemic stroke and nondiabetics with ischemic stroke did not signifi cantly differ in respect to PI levels ( Figure 2 ). 
Insulin (mU/L)
Fibrinolysis
In the T2D group, PAI-1 levels were signifi cantly higher in patients with ischemic stroke compared to those without ischemic stroke (7.78+/-1.05 vs. 4.56+/-0.71 mU/l; p<0.001), as well as in nondiabetics with ischemic stroke compared to healthy controls (4.65+/-0.69 vs. 3.48+/-1.29 mU/l; p<0.001) (Figure 3) . Nevertheless, in the group without ischemic stroke, there was no statistically signifi cant difference in PAI-1 levels between T2D patients and nondiabetics. 
Correlations
Our results showed that Si levels correlated with PAI-1 levels both in T2D (r= -0.690, p<0.001) and nondiabetic subjects (r= -0.437, p<0.001) ( Table 2 . Correlation between Si and PAI-1 levels in patients with Type 2 diabetes and nondiabetics
Discussion
Our results showed decreased insulin sensitivity in both T2D patients and nondiabetics with ischemic stroke implying insulin resistance to be an important determinant in development of ischemic stroke. This study provided the evidence that the lowest level of insulin sensitivity is present in T2D patients with ischemic stroke. At the same time, we detected the highest level of fasting insulinemia in T2D patients with ishemic stroke, probably due to the fact that our patients had mostly preserved insulin secretion capacity at the time of metabolic investigation, so hyperinsulinemia refl ected the decreased insulin sensitivity level. Compensatory hyperinsulinemia, together with decreased insulin sensitivity levels, was also found in nondiabetics with ishemic stroke, emphasising the role of insulin resistance in patogenesis of ischemic stroke, which is in agreement with previous study (17).
We decided to measure insulin sensitivity level by using FSIGT with minimal model analysis, due to previosly described excellent correlation between this test and hyperinsulinemic euglycemic clamp (18), which is concidered to be a "gold standard" for determining insulin sensitivity level, but is signifi cantly more demanding and techically diffucult (19).
The association of insulin resistance and different subtypes of ischemic stroke in patients with T2D has been suggested in the previous studies, but by using other metabolic tests to assess insulin sensitivity (the short insulin tolerance test, homeostasis model, immunoreactive insulin after glucose loading in 2h OGTT) than the minimal model method we used (2). Also, the novel study confi rmed the existence of insulin resistance in patients with ischemic stroke but without previously documented abnormal glucose tolerance, assessed in the acute phase of ischemic stroke (3).
In order to minimize the previously confi rmed harmful effect of »glucose toxicity« to the insulin sensitivity level (20), we selected T2D patients with or without ischemic stroke matched in respect to duration of disease and showing satisfying metabolic control before the evaluation of insulin sensitivity level. Moreover, since age is known to be strongly and independently correlated with the occurrence of ischemic stroke, we selected patients less than 65 years old. Measurements of insulin sensitivity were made after at least 6 months after the stroke, providing suffi cient time for investigated patients to approach maximum recovery, showing similar level of physical activity.
The results from Atherosclerosis Risk in Communities (ARIC) Study documented positive correlation beetwen relative risk for ischemic stroke and increased basal insulin levels among nondiabetics, supporting supposed role of insulin resistance in the ischemic stroke pathogenesis (10), which is in agreement with results from the elderly patient population of the Finnish cohort study that included both diabetic and nondiabetic patients (21).
On the other side, a growing body of evidence implicates the important role PAI-1 plays in the development of diabetic macrovascular complications (22). However, the underlying mechanisms in pathogenesis of atherosclerosis, especially in aspect of relationship between decreased insulin sensitivity and fibrinolysis impairment in the onset of ischemic stroke, have not been elucidated yet. Taking into concideration that impared fibrinolysis is concidered to be a possible link between decreased insulin sensitivity and hyperinsulinemia on the one side, and atherosclerosis on the other, we investigated the relationship of insulin sensitivity and PAI-1 levels as an important factor contributing to the pathogenesis of atherosclerosis (23).
Our study demonstrated that T2D patients with ischemic stroke had higher levels of PAI-1, while those with T2D without ischemic stroke did not have significantly different levels of PAI-1 compared to nondiabetics with ischemic stroke. According to some opposite findings that patients with T2D without ischemic stroke had higher PAI-1 levels than nondiabetics (24), our results suggested that further impairment of fibrinolysis does not occur with ischemic stroke in T2D. There were observations that in some ethnic group first relatives of patients with ischemic stroke exhibited increased insulin resistance, hyperinsulinemia and increased PAI-1, implying that impairment in fibrinolysis preceded cerebral infarction (25).
It is possible that abnormalities in the fibrinolytic system may occur even before the onset of ischemic stroke, regarding the increased level of PAI-1 detected in group of T2D diabetics without ischemic stroke, but not significantly different in comparison to nondiabetics with ischemic stroke (12). Novel data emphasized the inherited predisposition of certain genetic susceptibility related to impairments in fibrinolityc activity (26). In addition, we investigated the patients who were not in the acute phase of ischemic stroke in order to clarify the role of increased PAI-1 during the first year after the ischemic stroke. The results imply that the high PAI-1 level in patients with ischemic stroke, both T2D and nondiabetics, represent increased inhibition of fibrinolysis, which was previously reported in nondiabetics up to 2 to 4 years after stroke onset (27).
Obesity is also thought to contribute significantly to elevated plasma PAI-1 levels, taking into consideration the over expression of PAI-1 in adipose tissue (28). Our results demonstrated that Si levels correlated with PAI-1 levels in moderately obese, both T2D and nondiabetic subjects, which is consistent with previous findings that insulin sensitivity was independently related to PAI-1 levels in patients with T2D, as well as in obese subjects with or without T2D (29). Also, the elevated PAI-1 levels were demonstrated already in the early stage of impaired glucose tolerance, implying the relationship between increased PAI-1 activity and risk for T2D, independently of other risk factors, as obesity, insulin resistance, endothelial dysfunction and inflammation (30). Therefore, insulin resistance might play an important role in the pathogenesis of ischemic stroke, both in T2D patients and nondiabetics.
In conclusion, our results imply that decreased insulin sensitivity, in association with compensatory hyperinsulinemia, might exert atherogenic infl uence on the occurrence of ischemic stroke, at least in part through impairment of fi brinolysis.
